Diseases of lower vertebrates and biomedical research
The historical and present role of lower (nonmammalian) vertebrates in biomedical research is discussed. Examples are given of disease problems and experimental studies. It is suggested that lower vertebrates may prove of increasing value in this field in the future.
The author's definition of 'lower vertebrates' is somewhat broader than that used by zoologists. The term will be used to cover birds, reptiles, amphibians and fish-in other words, the nonmammalian vertebrates-whereas the conventional approach is to include birds with the mammals as 'higher' vertebrates.
One does not need to dwell upon the significance of lower vertebrates as subjects for basic biological research. In the past they have played an important part in studies on anatomy, behaviour, ecology, genetics and evolution. The inclusion of so many lower vertebrates in UFAW (1972) is a pointer to their popularity as experimental species in this context.
Lower vertebrates also have an important role to play in biomedical studies. Interest in their diseases is not new. An Egyptian painting dated 1450 BC depicts a tilapia fish with a grossly distended abdomen, probably ascites (Mawdesley- Thomas, 1972) , and an authoritative paper on the history of fish diseases refers to publications on the subject dated 330 BC (McGregor, 1963) . Involvement in amphibian and reptile medicine is more recent but, as will be mentioned later, studies on avian disease in Britain alone extend back to the early days of printing, if not earlier.
At the present time study of lower vertebrate disease can be considered under the headings: veterinary diagnosis and treatment; human health problems, especially zoonoses and environmental monitoring; development and use of animal models for disease; other experimental uses, e.g. disease diagnoses, toxicity tests and vaccine production and testing. The last pair will be discussed together as they cover those aspects of biomedical research which are most appropriate to this paper.
Veterinary diagnosis and treatment
This will not be discussed in detail in this paper. Suffice it to say that many hundreds of thousands of lower vertebrates, ranging from the goldfish to the budgerigar, are kept as pets in this and other countries and these regularly need veterinary attention. Interest in diseases of birds is hardly new: the treatment of trained falcons was first discussed in an English printed book in the 15th century (Barnes, 1486) .
Many lower vertebrates are maintained in zoological and scientific establishments and, here again, disease control is essential. There are economic reasons for such work. For example, fish farming is becoming established as an important source of human food and with it disease problems are emerging. As a result interest in lower vertebrate disease has increased enormously and there are units both in Britain and overseas where postgraduate study on fish diseases is actively pursued. Another example of the economic justification for work on reptile diseases concerns commercial snake farms, usually situated in the tropics, where poisonous species are maintained and 'milked' for the venom. The author was responsible for health control at one such farm in Kenya in 1970-73 and, amongst other problems, investigated a septicaemic disease of the snakes which was resulting in high mortality and considerable financial loss (Cooper & Leakey, 1976) . The veterinary profession has, until recently, been reticent to involve itself in lower vertebrate work but the situation is now changing and there are a number of veterinary surgeons, both practising and academic, who specialise in such fields as fish pathology or avian medicine.
Zoonoses
Work on these diseases is of great importance and is an example of a field where there is good liaison between the veterinary and medical professions and close links with others in allied disciplines. A few examples will suffice. A number of parasites can infect man from fish (Reichenbach-Klinke & Elkan, 1965) ; as a result, in many countries, there is statutory control covering the inspection of fish for human consumption and research on these and other zoonotic problems. Reptiles and amphibians also can serve as reservoirs of disease of man and other animals. An example is the arbovirus disease western equine encephalomyelitis which can affect man and horses in America. This is probably primarily an avian infection, but it has been shown that in the absence of arthropod vectors, the virus can overwinter in the garter snake (Thamnophis sp.); in the spring, there is a viraemia in the snake and vectors become infected (Thomas & Eklund, 1960 , 1962 . More recently, it has been shown immunologically that the cobra Naja naja may serve as a reservoir for the virus of Japanese encephalitis (Shortridge et al., 1974) , and it is possible that there may be other similar examples. Both the poikilotherms and the hibernating mammals have been used in some fascinating studies on the influence of low body temperature on prolonged infections, including rabies (Karstad, 1963) . However, even if only kept as a pet, a lower vertebrate can present health hazards. For example terrapins, commonly sold as pets in most towns in Britain, can be carriers of Salmonella spp., and many instances of human disease from such sources have been reported, particularly in the USA.
Birds are a well recognised potential danger. They can be a source of a number of bacterial infections, including salmonellosis, due to Salmonella spp., pseudotuberculosis due to Yersinia pseudotuberculosis, and tuberculosis itself due to Mycobacterium spp. Psittacosis is perhaps a better known example; this chlamydial infection can be contracted from psittacine and other birds and may prove fatal. There is also the well-recognised chronic hazard of allergic responses to bird excreta and feathers, causing 'bird fancier's lung'.
Environmental monitoring
The role of lower vertebrates in this field is important. A particularly significant role has been played by birds of prey in the detection of high levels of insecticides in the environment. Free-living birds of prey are at the top of the food chain; that is, they feed on other vertebrates which have themselves fed on invertebrates or on plant food. They are, therefore, important monitors of environmental pollution. Their value in this sphere is already well recognised. It was the catastrophic decline in numbers of birds of prey, especially the peregrine falcon, in Britain in the years 1950-65 that first drew attention to the build-up of chlorinated hydrocarbon insecticides in the tissues of wildlife. Subsequent work showed that sublethal doses of these insecticides caused disruption of certain enzyme systems in the bird and resulted in thin egg shells and low hatchability. These chemicals are now largely withdrawn from use in this and many other countries and, thankfully, the peregrine falcon (Falco peregrinus) and other birds of prey are now increasing in numbers again. But the episode emphasises the value of natural 'sentinels', in the form of animals at the top of the food chain, in detecting build-up of organic poisons and, conceivably, other chemicals or even microorganisms.
Cooper
Fish are extremely sensitive monitors of water pollution and the ancient Egyptians, Greeks and Romans-all keen fishermen-recognised the susceptibility of fish to plant poisons and other injurious substances. Fish continue to be used as indicators of pollution in both the free-living, as well as the experimental, situation (Mawdesley- Thomas, 1971a Thomas, , 1971b . Water pollution is a not uncommon cause of massive fish deaths-an example was in the Rhine in 1970-and it is such occurrences that alert the authorities to a potentially dangerous situation. Even snakes are currently being investigated as environmental sentinels in the United States (Bauerle, Spencer & Wheeler, 1975) ; they have the advantage of being relatively sedentary and therefore are possibly more reliable indicators of pollution than are birds, which may migrate from one area to another.
Animal models and other experimental uses Lower vertebrates have been used experimentally in medicine for centuries and it is no coincidence that medical, dental and veterinary students commence their preclinical training with studies of zoology, starting with Protozoa and progressing through the invertebrates to the lower vertebrates and mammals. Such an approach is invaluable in teaching the development of organ systems and comparative physiology.
The amphibians have proved particularly popular in experimental medicine and historically the indications are that one investigator tended to follow another in his choice of a suitable animal. For example, it was Swammerdam in the 17th century who introduced the nerve muscle preparation, and the frog continues to be used for it to this day. Malpighi (1661) used the frog for his study on the lung and the work of van Leuwenhoek (1719) on the capillary network was also done with this species.
These examples illustrate the value of one particular lower vertebrate in studies on basic physiology. But it was not only in the early days of medicine that such species were used. Birds, amphibians and fish in particular have continued to play an important part in medical research to the present day. Much of the work on limb regeneration has been carried out on amphibians including newts, toads and frogs, and there has been considerable research on transplantation reactions in these species (Cohen, 1971) . Until relatively recently pregnancy diagnoses in women were performed using the South African clawed toad (Xenopus laevis). There is an immense amount of data on the biology of Xenopus and a number of textbooks on it have appeared. It continues to be used for Lower vertebrates: disease and research physiological work of various kinds and may well replace the common frog as the main species for dissection. It also has a number of interesting pathological features. Developmental abnormalities can be induced in Xenopus relatively easily while one tumour of the species, a lymphosarcoma, can under certain circumstances, be transmitted to other amphibians. However the most significant discovery in the cancer field resulting from lower vertebrate work was probably that of Lucke (1934) , who described a renal adenocarcinoma of the leopard frog (Rana pipiens). A virus was isolated from this tumour and much useful work on transmission and pathogenesis followed. In addition several tissue culture systems were established using frog tissues. A number of other viruses have now been isolated from reptiles including a herpes-like virus from the iguana (Clark & Karzon, 1972) and, of considerable interest, a C-type virus from a Russell's viper (Zeigel & Clark, 1969) .
Fish are used for a wide variety of research and a survey (LAC, 1974) showed that they accounted for 1'7 % of animals used under Home Office licence in Britain during 1972. An example of their value is the field of endocrinology where the elasmobranch fish, which show ovipary, ovovivipary and vivipary, provide special opportunities for study (Dodd, 1955) . The other important example has been mentioned earlier. The susceptibility of fish to toxic factors has been utilized to the full by the use of fish as experimental monitors for poisons of various kinds, especially pesticides. The USA uses several species for such work, but in Britain the recommended species is a small tropical fishthe harlequin.
A particular value of the poikilothermic vertebrates in research is that their metabolic rate is related to the ambient temperature. This enables experiments to be performed comparing biochemical and other reactions at varying temperatures. For example, there has been particular interest in the immunology of lower vertebrates and it has been shown in lizards immunised with Salmonella typhosa that the response is related to the ambient temperature (Evans & Cowles, 1959) . Similarly, the survival time of skin allografts and xenografts in turtles is temperature dependent. The development of homeothermy itself is a subject of considerable interest and a field where reptiles in particular are valuable experimental animals. In a recent publication (Vaughn, Bernheim & Kluger, 1974) it was postulated, as a result of experimental work in the lizard Dipsosaurus dorsalis, that the development of fever in response to bacterial infection might have evolved in early reptiles or even amphibians.
Poikilotherms show many interesting physiological features, amongst them a slow and prolonged metabolic reaction and, often, an exaggerated response to some stimuli (Coulson & Hernandez, 1971) . For example, if a compound under investigation is injected into a mammal, such as a mouse, it will usually disappear quickly and derivatives are often not detectable. If, however, the substance is injected into a poikilotherm both it and its derivatives will remain in the tissues for a long time. Hence a metabolic pathway that can be demonstrated only with difficulty in a homeotherm can be investigated in detail in a poikilotherm. Not all metabolic pathways are the same, of course, in both groups, but there is increasing evidence of similarity.
Birds have been included as lower vertebrates and they offer many examples of use in biomedical research. The fowl has been extensively studied and in a survey (LAC, 1974) proved to be the third most widely used species after mice and rats, but other species are also involved to a limited extent. Birds contrast sharply with the fish, amphibians and reptiles in that they have a high metabolic rate and this in itself makes them interesting subjects for study. Perhaps the most significant feature of birds is that they possess, in the young at least, a bursa of Fabricius. The bursa appears to play an important role in the immune mechanism of the bird; recent work suggests that it is exposed to antigenic stimulation as a result of material being drawn up through the lips of the cloaca and into its cavity. There has been extensive research on the bursa of Fabricius including experimental surgery in order to remove it from newly hatched chicks or 17 day old embryos. Such work has confirmed that the bursa is responsible for humoral antibody production and it is for this reason that lymphocytes with this function are termed B (or 'bursa dependent') cells. No immunological equivalent of the bursa has yet been found in mammals and this fact alone makes the bird an invaluable tool in medical research.
Another important example of the use of birds in biomedical research concerns Marek's disease, otherwise known as neurolymphomatosis or fowl paralysis (Andrewes & Pereira, 1972) . This is a naturally occurring disease of fowls which, as its name suggests, produces clinical signs of limb and body weakness and paralysis and, in some cases, ocular and visceral lesions. At post-mortem examination lymphocytic aggregates are found within and around the nerves. The disease is of great interest in that a herpes virus has been shown to be the causal agent. Not only has this virus been described and studied but veterinary workers in Britain were able to produce an attenuated vaccine which effectively protected poultry against the disease (Churchill, Payne & Chubb, 1969) . This is probably the first neoplastic disease against which widespread vaccination has proved successful and it may well prove a landmark in clinical oncology.
Discussion
In this paper attention has been drawn to the not insignificant role played by lower vertebrates in biomedical research. There is currently great interest in the use of animal models in order to study human disease problems. However, the choice of a model is an important one and very often a research worker can be led astray. Hinde (1970) was emphasising this when he stated that 'Apparently close similarities between species may prove to be merely parallel evolutionary adaptations to a similar environment, and rest on quite different causal bases'. Mammals are popular as animal models and this is understandable, since man himself is a mammal, but often the species chosen is a poor model. The sheep, for example, is a popular species for research on account of its docility and the ease with which it can be obtained. But it is of only limited value in studies on the gastrointestinal tract since it is a ruminant, with 4 compartments to its stomach, and therefore very different from man. Primates are particularly popular on account of their close phylogenetic relationships with man but even they can produce misleading or unreliable results. Scott There are many such examples and it is now apparent that an animal model for a particular purpose may fall into a group other than the domesticated mammals or primates.
One has no wish to denigrate the use of the more conventional mammals in biomedical research; they obviously have an extremely important role. But it is important for us to remember that mammals form the minority of the vertebrates and are greatly outnumbered by fish, amphibians, reptiles and birds. Such species may have much to offer. We have a common ancestry and many tissues and organ systems can be studied more easily in a lower vertebrate than in a highly complex and specialised mammal. In addition, it has been postulated (Harper, 1975) that the origin and aetiology of a number of human diseases may be traced back to man's evolutionary history. Physiologists have long recognised the value of lower vertebrates and workers in other disciplines are increasingly showing interest in their use. In addition to their scientific value, there is also the very important point that lower vertebrates tend to be cheaper and are often easier than mammals to maintain in captivity. Fish, amphibians, reptiles and birds are already proving useful in a wide variety of studies and it is reasonable to assume that this trend will continue.
